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We disuss one of the most prominent features of the very reent preliminary ellipti ow data of
J/ψ meson from the PHENIX ollaboration [1℄. Even within the the rather large error bars of the
measured data a negative ellipti ow parameter (v2) for J/ψ in the range of pT = 0.5− 2.5 GeV/c
is visible. We argue that this negative ellipti ow at intermediate pT is a lear and qualitative
signature for the olletivity of harm quarks produed in nuleus-nuleus reations at RHIC. Within
a parton reombination approah we show that a negative ellipti ow puts a lower limit on the
olletive transverse veloity of heavy quarks. The numerial value of the transverse ow veloity βT
for harm quarks that is neessary to reprodue the data is βT (charm) ∼ 0.55− 0.6c and therefore
ompatible with the ow of light quarks.
The main goal of the urrent and past heavy ion pro-
grams is the searh for a new state of matter alled
the Quark-Gluon-Plasma (QGP) [2℄. Major break-
throughs for the potential disovery [3, 4℄ of this new
state of matter were the observation of onstituent quark
number saling of the ellipti ow vhadron2 (p
hadron
T ) =
nqv
q
2(p
hadron
T /nq), with nq being the number of on-
stituent quarks in the respetive hadron as well as the
observation of jet quenhing at intermediate transverse
momenta [5, 6, 7℄. Together with the 'standard' hydro-
dynamial interpretation this implies a rapid thermal-
ization and a strong olletive ow of the QCD matter
reated at RHIC. However, open questions remain: how
an one obtain a onsistent desription of the high pT
suppression and the ellipti ow of heavy avour quarks
and hadrons. I.e. is the olletivity at RHIC restrited to
light quarks (up, down, strange) or do even harm (bot-
tom) quarks partiipate in the olletive expansion of the
partoni system and reah loal kineti equilibrium?
Previously, it was assumed that loal equilibrium of
(heavy) quarks ould not be ahieved within pQCD
transport simulations. In fat, older studies [8℄ based
on a parton asade dynamis restrited to 2↔ 2 parton
interations seemed to indiate that the opaity needed
to ahieve loal equilibrium would be at least an order
of magnitude higher than pQCD estimates. However, re-
ent state-of-the-art parton asade alulations (inlud-
ing 2 ↔ 3 parton interations) have learly shown that
pQCD ross setions are suient to reah loal (gluon)
equilibrium and allow to desribe the measured ellipti
ow data [9, 10, 11, 12℄.
The aim of the present letter is to investigate whether
also the harm quark does loally equilibrate and there-
fore follows the ow of the light quarks. Here we will
fous on the J/ψ beause it reets the momentum dis-
tribution of the harm quarks diretly, in addition rst
experimental data on the J/ψ ellipti ow just beame
available. We will show that the reently measured nega-
tive ellipti ow of J/ψ's provides a unique lower bound
on the harm quark's olletive veloity.
Under the assumption of loal equilibration of light
quarks a hydrodynami parametrization of the freeze-out
hyper-surfae to parametrize the quark emission fun-
tion, namely the blast-wave model, an be employed. For
the harm quarks, the same emission funtion is used,
however, with the transverse olletive veloity as a free
parameter to be determined by the preliminary PHENIX
data. To alulate J/ψ's from the harm quark emission
funtion, we apply the well known parton reombination
approah [13, 14, 15℄. Details (like the exat form of
the freeze-out hyper-surfae) of the spei approah em-
ployed here an be found in [14, 15℄. Dierent from there
we used a linear inreasing transverse ow rapidity in-
stead of a onstant one, but the mean value has been
preserved.
Here we summarize the most important features: In a
oalesene proess the quarks ontribute equally to the
hadrons momentum, so it inherits its azimuthal asym-
metry diretly from its onstituents. Therefore in reom-
bination the ellipti ow of J/ψ's emerges diretly from
a negative v2 of the harm quark. To inorporate the
asymmetry, the transverse expansion rapidity ηT depend
on the azimuthal angle φ and the radial oordinate ρ = r
R
as
ηT (φ, ρ) = η
0
T ·
3
2
ρ (1 + εf(pT ) cos(2φ)) (1)
with the eentriity ε and f(pT ) = 1/
(
1 + (pT /p0)
2
)
to
model the damping at high pT . With the fator
3
2
we re-
over η0T as the mean transverse rapidity after integrating
over ρ.
By applying the denition of the ellipti ow one ob-
tains [14℄
vq2(pT ) =
∫
cos(2φ)I2 [a(φ, ρ)]K1 [b(φ, ρ)] dφ ρ dρ∫
I0 [a(φ, ρ)]K1 [b(φ, ρ)] dφ ρ dρ
(2)
with a(φ, ρ) = pT sinh(ηT (φ, ρ))/T , b(φ, ρ) =
mT cosh(ηT (φ, ρ))/T and the modied Bessel funtions
In and Kn. For a more general hydrodynamial hyper-
surfae one ould assume a dependene of freeze-out time
2τ on the radial oordinate ρ. This would lead to addi-
tional terms involving
∂τ
∂ρ
and Bessel funtions of other
order. We have heked that the modiations are only
minor and therefore neglet the ontributions in this let-
ter for brevity.
Let us investigate the ellipti ow of the J/ψ at
midrapidity as a funtion of the transverse momen-
tum for various transverse ow veloities as shown in
Fig. 1. The lines from top to bottom indiate alu-
lations with a harm quark mass mc = 1.5 GeV/c
2
for
dierent mean expansion veloities tanh(η0T ) = βT =
0.4c, 0.5c, 0.55c, 0.6c, the data by the PHENIX ollab-
oration are shown as symbols with error bars indiating
a negative ellipti ow for J/ψ's at intermediate trans-
verse momenta. The alulation shows that with in-
reasing transverse ow a negative v2 at low pT (above
pT ∼ 2.5 GeV,the ellipti ow values turn positive again)
develops for the J/ψ, posing a lower bound of βT ≥ 0.5c
for the harm quarks ow. The best t to the data is
obtained with a mean harm ow veloity of βT = 0.55c
equal to the light quark ow veloity extrated from pre-
vious ts within the same model.
In Fig. 2 we use βT = 0.55c and ompare the ellipti
ow to other heavy mesons and Fig. 3 shows the same
for the quarks. The value for Υ, with a bottom quark
mass of mb = 4.7 GeV/c
2
, is negativ in the whole range
of appliability. In ontrast to J/ψ , the v2 of D
0
stays
positiv. This is due to the positive light quark v2, whih
ompetes with the negative one for the harm quark, and
results in nearly zero ellipti ow at low pT . While the
B+ meson follows the D0 ow for pT < 1 GeV, it is muh
more suppressed at higher pT due to the strong negative
ow of the bottom quark and approximately zero up to
pT ∼ 2.5 GeV.
Data on D-meson ellipti ow is not yet available.
When omparing it to the non-photoni eletron v2, our
alulations fail to predit the data [16℄. These two ob-
servables have been predited to be similiar [17℄, sine
the non-photoni eletrons are mainly from , D-meson
deays, but with a small ontribution of B-meson de-
ays. But the eletron ellipti ow is no straightforward
probe for the D0 v2. Sine the eletron is not the only
deay produt, the deay kinematis might smear out
the resulting ellipti ow of the eletrons. At low pT ,
the inrease of the D0 ow is similiar to the eletron
data, but shifted to higher transverse momenta. Above
pT = 2 GeV the eletron v2 starts to derease whih
might be due to ontributions from the B-mesons or an
early onset of the fragmentation regime.
Diret measurements on the ellipti ow of heavy
mesons will be available in the near future with the
heavy-avor traker for STAR, whih will allow a bet-
ter analysis. Therefore the presented results are based
only the J/ψ ellipti ow data.
These results provide strong evidene for a substantial
olletivity and transverse expansion of the harm quarks
in nuleus-nuleus reations at RHIC. Due to the large
error bars this has to be veried when more preise data
is available. Note that our present ndings are dierent
from previous approahes that assume inomplete ther-
malization of the harm [17, 19, 20, 21℄. We also veried
our ndings within a boltzmann approah to oalesene
[20℄ using our parametrizations and reeived similar re-
sults.
One should also note that the observation of negative
ellipti ow of heavy partiles is well known in the litera-
ture (even if not onlusively observed experimentally up
to now). It appears due to an interplay between trans-
verse expansion and partile mass, the more ow and the
heavier the partile the more negative values does the el-
lipti ow reah. E.g., negative values of the ellipti ow
parameter for heavy hadrons has also been found in pre-
vious exploratory studies and seem to be a general feature
of the blast-wave like ow prole at high transverse ve-
loities [22, 23, 24, 25, 26℄. It reets the depletion of the
low pT partile abundane, when the soure elements are
highly boosted in the transverse diretion. The dierene
to the present study is that here, v2 is already negative
on the quark level. Negative ellipti ow values will even
be enountered for light quarks at asymptotially high
bombarding energies as disussed in [15℄. One might ar-
gue that this is an artefat of the blast-wave peak and
will not survive in more realisti alulations, however
also transport model alulations show slightly negative
v2 values for heavy partiles at low transverse momenta
[27℄.
In onlusion, we have shown that the reent prelimi-
nary PHENIX data exhibiting a negative ellipti ow at
low pT an be explained within a parton reombination
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FIG. 1: Ellipti ow (v2) of J/ψ's for b = 9 fm for dierent
mean transverse expansion veloities (lines) ompared to pre-
liminary data from PHENIX ollaboration [1℄. While the v2
of J/ψ's is smaller than for light hadrons, the mean transverse
veloity for the best-t ase (β = 0.55c for harm quarks) is
the same as for light quarks.
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FIG. 2: Comparison of ellipti ow (v2) for J/ψ, D
0
, Υ and
B+ at b = 9 fm with β = 0.55c to data of non-photoni
eletrons from PHENIX ollaboration [18℄.
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FIG. 3: Ellipti ow (v2) of light, harm and bottom quarks
at b = 9 fm with β = 0.55c.
approah using a blast-wave like parametrization. We
point out that studying v2(pT ) from J/ψ oers the pos-
sibility to put a lower limit on the harm quark trans-
verse veloity. From the present quantitative analysis
we expet the transverse veloity of harm quarks to be
above βT ≥ 0.4c. Within the limits of the present model
the best desription of the data is obtain for a harm
transverse veloity equal to the light quark veloity of
βT = 0.55c. So if more preise data will still support
the negative v2, we onlude from this observation that
harm quarks reah a substantial amount of loal kineti
equilibration.
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